In this work we report an experimental study dealing with the modifications of the breakup phenomena of a high-velocity jet when stressed by an electric field. We considered an arrangement consisting of a cylindrical electrode coaxial with the jet imposing an electric field at the jet exit. With this arrangement we analyzed the behavior of the electrified and nonelectrified jet. We tested a water liquid jet and measured the droplet size and velocity ratio of the droplets of the spray at different positions by means of a Phase Doppler Particle Analyzer. Our results indicate that the electric field increases monotonically the ratio of the components of the velocity in the radial and axial direction and promotes an earlier detachment of droplets from the jet. No significant change in droplet size could be detected. With the aid of a previously reported linear stability analysis we have analyzed the experimental data. This theory reveals itself as a good first approach to compare some aspects of the breakup phenomena of electrified and nonelectrified jets of conducting liquids flowing at high velocities.
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I. INTRODUCTION
It is well known that electric forces acting on a liquid jet may change drastically the flow characteristics. Perhaps one of the first works reported dealing with the coupling of an electric field and fluid motion dates from 1600. 1 Nevertheless, this old subject is still ''alive'' and has recently received special interest, as active fluid mechanics has become a priority subject in the scientific policies of different countries. Previous research has demonstrated that by means of an electric field we can change the stability of the flow, [2] [3] [4] [5] [6] [7] [8] excite the jet at a given frequency, [9] [10] [11] [12] [13] [14] and produce electrically charged droplets. 15 These droplets have special characteristics ͑mutual repulsion, easy deflection, subdivision at the Rayleigh limit 16, 17 ͒, and it is not surprising that many developments based on these principles have appeared ͑ink jet printing, electrostatic painting, electrostatic pesticide spraying, etc.͒.
In this work we have mainly concentrated our efforts on gaining some insight into the effects of an electric field on the instabilities that promote the breakup of the jet in droplets.
Usually the most important electric forces acting on electrified jets are Coulombian forces, and different arrangements can be used to obtain an excess of free charge in the jet. 18 The arrangement we consider here is the induction charging system, in which an electrode is at a few kV and the nozzle is grounded. This produces an electrified jet with charges on the jet surface opposite in sign to the ones present at the electrode. With this device the high voltage source sustains a very low current ͑Ͻ0.1 A͒ associated only to the electrical leakage through the electrode insulators.
Though electrified jets have been widely studied, most of the previous research has been concerned with the lowvelocity jets corresponding to the Rayleigh regime. Some researchers have studied electrified jets of dielectric liquids flowing at relatively moderate jet velocities, usually incorporating charge to the liquid with an ion injection system. A survey of this research work can be found in recent publications. [19] [20] In this article we consider high-velocity circular jets of a conducting liquid. The breakup process of jets flowing in this regime without any significant free electric charge ͑nonelec-trified jet͒ have the following characteristics: the mean droplet diameter is less than the diameter of the nozzle orifice; the droplets have a velocity of ejection from the jet with a radial component that leads to the dispersion of the liquid in a conical spray; and the intact length of the jet is quite small compared with the breakup length.
Following the classification criteria given by Reitz and Bracco, 21 we analyze the effect of an electric field in the second wind regime and in the first stages of the atomization regime.
These high-velocity jets find applications in industrial processes or machines, which require us to disperse liquid in droplet form with a high surface/volume ratio in a short time ͑e.g., liquid combustion, chemical reactors, diesel engines͒. In these regimes the electrification of the jet is of special interest as ͑i͒ the electric field may be used as an external ''exciter'' to modify the characteristics of the jet breakup, giving a measure of control of this phenomenon; ͑ii͒ an additional validation of the different and controversial models of the breakup phenomena may be obtained by suitably adding to them the effects of the ''perturbing'' electrical forces.
Our objective in this article is to present an experimental study that shows the changes that appear in the droplet production phenomena of a high-velocity circular jet when it is stressed by an electric field. The results are analyzed with the aid of a previously reported stability analysis that includes the electrical forces.
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The article is organized as follows: first, in point II, we describe the experimental device used in our experiments; then, in point III, we show the experimental results we have obtained; point IV is a discussion of these results, and in point V we draw some conclusions of this work.
II. EXPERIMENTAL APPARATUS
In this paragraph we describe the experimental device we have built to study high-velocity liquid jets submitted to an external electric field. This device is composed of four systems: injection system, electrification system, aerosol reception system, and diameter and velocity measurement system.
A. Injection system
The main elements of this system are shown schematically in Fig. 1 . An adjustable pump ͑1͒ supplied water ( Ϸ1800 ⍀ m, sampled at the nozzle exit͒ through the injection system. The maximum flow rate was 21.1 cm 3 /s, at pressures between 0 and 13.8 Mpa. The flow rate could be changed either by increasing the stroke of the piston or the angular velocity of the pump ͑0-1500 rpm͒. A hydropneumatic accumulator with a nitrile membrane ͑3͒ was used to dampen pressure fluctuations in the circuit. The liquid issuing from the nozzle orifice ͑6͒ formed the jet. The nozzles that were used are shown in Figs. 2͑a͒ and 2͑b͒, and are similar to those used in other studies. [26] [27] [28] [29] They were made in stainless steel and the orifices ͑type 1: 220 m, type 2: 295 m͒ shaped by electroerosion. The ratio L/D was 4 for all nozzles ͓Fig. 2͑c͔͒. Figure 3 shows the orifice of nozzle type 2 at the exit plane.
B. Electrification system
In Fig. 4 we show the electrification system. The nozzle is earthed and a high-voltage source ͑0-3 kV, 100 mA͒ can be connected by switch I2 to the electrode that electrifies the jet. This position of the switch corresponds to the case of electrified jet, and the other position grounds the electrode and corresponds to the case of the nonelectrified jet.
Switch I1 introduces in the circuit an ammeter that in normal operation should read a very low leakage current ͑Ͻ0. 1 A͒. An important current reveals an insulation failure, such as a water bridge existing between the electrode and the injector, situation to be avoided in the normal functioning of the system. Measurements are taken only if there is a negligible current in this branch, and when this is verified I1 is switched to the other position. Figure 5 is a detail of the electrode arrangement at the 
C. Aerosol reception system
This system is composed of a tank and a stainless steel cylinder that allows measurement of the current convected by the aerosol.
The Plexiglas tank ͑10 mm thick͒, with dimensions 500 ϫ500ϫ1000 mm, houses the current measurement system. A lateral circular hole of 250 mm of diameter communicates the interior of this tank to the room.
The current measurement system is composed of an internal stainless steel cylinder ͑diameter: 250 mm, height: 400 mm͒ located by means of six nylon screws coaxial with an outer stainless steel cylinder. The inner cylinder is therefore electrically insulated from the external one, which acts as a Faraday cage. A wire mesh ͑mesh opening 100 m͒ is fixed to the top and the bottom of the inner cylinder. The upper mesh has an orifice of 75 mm through which the spray enters the cylinder. The electrically charged droplets, when contacting the wall or the meshes, discharge through a Keithley 610C electrometer to earth. The value of this current is the same as that flowing in the conductor that grounds the injector, but of opposite sign. The constancy of this current during one test shows no electric insulation fault of the electrode.
D. Diameter and velocity measurement system
These measurements were done using a Phase Doppler Particle Analyzer customized by Aerometrics, Inc. The system used allows measurement of particles in the range of 0.5-10 000 m, and velocities from 0 to 100 m/s.
The laser beam was emitted by an argon-ion source of 5 W. The Aerometrics Fiber Drive model FBD 1240 performed frequency shifting, beamsplitting, and color separation. The transmitter lens system produced two blue laser beams ͑wavelengthϭ4883 Å͒ in the horizontal plane and two green ones ͑wavelengthϭ5145 Å͒ in the vertical plane. The system also included a Bragg Cell to prevent ambiguities in the determination of the sense of the velocity vector.
The formation of the probe volume for particle size and velocity measurements was achieved by the probe head ͑Aerometrics Fiber Optic Transmitter, model XMT 1204, transmitter lens focal length 500 mm͒. The light scattered by the particles was collected by the Aerometrics Fiber Optic Receiver, Model RCV 2204 ͑receiver lens focal length 500 mm͒. The Phase Doppler light signal was converted into an electronic signal with the Aerometrics Receiver Module. The frequency and phase of the laser Doppler bursts were determined with the signal processor DSA 3000 series Doppler. The control of this signal processor, the data acquisition analysis, and the presentation of results were performed by the DSA software installed in a PC. An oscilloscope enabled the monitoring of the signal quality.
As only the droplets traversing the probe volume are analyzed, it was necessary to have a device to move this probe volume; to this end a displacement system was constructed ͓͑Fig. 6͔͒ which enabled the movement of the optics. A balanced structure in aluminium supported the optics and it was mounted in the center of a horizontal plate, which could move in three dimensions by means of micrometric screws. The optics also could have vertical and rotational movement in this structure. The axis of the transmitter lens and the reception lens were aligned to form an angle of 30°m easured in a horizontal plane. The displacement system also enabled to align vertically the nozzle by intersecting a nonelectrified jet flowing in the Rayleigh regime with a laser beam at different heights.
III. EXPERIMENTAL STUDY

A. Experimental procedure
Previous research work in electrified jets 18, 30 shows that at different flow rates different phenomena may be observed. At low or moderate jet velocities a multibranch kink instability has been reported where the jet adopts an arborescent form with lateral ejection of droplets. When operating our system at the low flow rates corresponding to those of the Rayleigh regime, we could observe this multibranch instability with the electrified jet. However, this instability disappeared with increasing flow rates, and this could occur at flow rates still corresponding to the Rayleigh regime or at the first stages of the first wind regime. At these flow rates no lateral ejection of droplets was observed either in the electrified and nonelectrified conditions. As an example, for injectors with an orifice of 220 m, and imposing to the electrode a potential of 2 kV, we observed the multibranch instability with flow rates below approximately 0.21 cm 3 /s, and the instability disappeared for higher flow rates. As the flow rate was increased the second wind regime appeared and droplets were ejected with a lateral velocity in the both nonelectrified and electrified jet cases. Our experiments have been undertaken with jets flowing in this regime and in the first stages of the atomization regime that appears at larger flow rates.
As stated in Clopeau's work, 30 multibranch kink instability corresponds to large volume flow rates when compared with other instabilities like type A ͑very heavily charged jet͒ or like type B ͑lateral kink instability͒. When a comparison is made with the second wind regime, multibranch instabilities correspond to very low flow rates. The jet velocities that we have considered in our work are more than ten times higher than those where we have observed the multibranch instability, and the liquid flow rates are about 100 times larger.
As the kink instabilities correspond to a very high liquid surface charge to volume ratio, the limit of the multibranch instability depends on the electrification system considered. For dielectric liquids and using an injection system that improves the electrification of the jet, the multibranch kink instability could be observed at larger jet velocities, 20 but still these velocities remain quite far from those of our interest.
We started our experiments by operating the pump to obtain the desired flow rate and waiting for its stabilization. By means of the displacement system, the probe volume was placed at the measurement location. With the electrode grounded we obtained the data corresponding to the nonelectrified case, the data acquisition finishing when 1000 burst signals of the scattered light were accepted as good signals by the PDPA system; this was achieved in 15-30 s. Then we applied different voltages to the electrodes and obtained the results corresponding to the different electrified cases. The probe volume was then displaced to a new measurement position.
At a given flow rate, the parameters set for the data rejection criteria of the PDPA software were maintained for all measurements on a given horizontal plane. However, these parameters were changed when necessary to achieve better signal quality between different horizontal planes. At very large radial distances some droplets may be attracted to the electrode, and to avoid a double counting we disregarded droplets having a vertical component of velocity with an upward direction.
After all the test points at a given flow rate were obtained, we sampled water from the nozzle exit to verify that the electric conductivity remained within bounds ͑Ϯ150 ⍀ m͒.
B. Experimental considerations
The goal of our study is to analyze the changes in droplet production when we stress the jet with an electric field. To achieve this goal we should measure the size and velocity of the droplets immediately after ejection from the jet. However, because of the high density of the spray, the PDPA cannot distinguish individual burst signals when measuring quite close to the jet axis; hence, measurements must be taken at a distance where this phenomenon is not so important. As a result, the droplets have a certain flight time before we can measure their characteristics, and in their trajectory to the test point some phenomena modify the ''real'' diameter and the ''real'' velocity of ejection of the droplet.
Regarding droplet size, we can mention the phenomena of evaporation, coalescence, and droplet breakup after ejection. The first phenomenon is more important for the smaller droplets, coalescence is important for very dense sprays, and droplet breakup for high-velocity droplets. Considering the different research analyzing these phenomena, 31-39 the measured droplet size distribution will be closer to the ejection droplet distribution for low Weber numbers. The Weber number We is a ratio between inertial forces and surface tension forces, being proportional to the square of the jet velocity U 0 , to the liquid density 1 , and to the jet radius a, and inversely proportional to the surface tension ␥,
As for droplet velocities, the forces that are of interest are viscous forces and Coulombian forces. The gravitational field has no significant effect given our liquid jet velocities ͑Ͼ60 m/s͒. In a quiescent fluid viscous forces depend on different parameters ͑droplet diameter, velocity, viscosity, etc.͒, 18, 31 but we can expect that they do not modify the ratio between radial and vertical components of the droplet velocity, since these forces act in the direction of the velocity vector. This ratio of velocity components is of great importance as it can be associated to the spray cone angle produced by droplet ejection. For these reasons it is easier and preferable to study the influence of the electric field on this ratio than on the individual velocity components.
In this analysis it should be highlighted that the electric forces acting on the droplet trajectory may modify this ratio. In our system electric forces are caused by mutual repulsion or electrode attraction. Mutual repulsion will be of interest in highly charged and extremely dense sprays, 40 and should be negligible in our tests. As for the electrode attraction force we can disregard its influence in our experiments considering the following: the change in momentum ⌬m due to the electric forces F el acting during the interval ⌬t,
shows that droplets of a typical diameter ͑Ϸ20 m͒ charged at one-tenth of the droplet Rayleigh limit 18 ͑a charge 10 000 times larger than that corresponding to the measured mean specific charge of approximately 0.05 C/m 3 ͒ and subjected to a uniform electric field of 0.1 MV/m are accelerated in ⌬t ϭ1 ms to about 1.5 m/s. At small distances from the injector and the axis of the jet, flight time is small and droplet velocities are very large, thus only slight changes should occur in the droplet trajectory or in velocity ratios and we can neglect the effect of electric forces. At larger distances ͑say, 20 mm from the jet axis͒ the droplets have lower velocities and the flight time may be large. At these distances the effect of the electric forces and others like viscous drag forces may be important and the experimental results should be analyzed carefully.
As a conclusion to these considerations, for the measurement of droplet size and velocity ratio, it is advisable to consider not too high Weber numbers, and to measure as close as possible to the jet axis and the nozzle exit.
It should be remarked that when we use a PDPA system we obtain a temporal distribution of diameter and velocity of the droplets passing through the volume probe. If the spray is homogeneous in space this measurement gives all the information required. However, in general, sprays are not homogeneous, and the changes caused by an electric field on the droplet production phenomena will only be fully described if we consider a stationary state and different test points in space. Then, after a suitable processing of data we can obtain a ''global'' information instead of the ''local'' one.
Taking this into account, we have done our tests at three different level horizontal planes ͑zϭ13.5, 23.5, and 33.5 mm͒ at radial distances from 1.4 to 11.5 mm, and with jet velocities in the range of 60-80 m/s.
We should also mention that in our case the PDPA measurements need no correction due to the Kerr effect. Following Zahn's work, 41 the change of the refraction index ⌬r and the change of phase ⌬␣ due to the electric field is
Considering an electric field E of 10 6 V/m, a wavelength of the laser of L ϭ5000 Å, a Kerr constant for water 38 B ϭ3.49ϫ10 Ϫ14 m/V, and an optical length 1 of 10 Ϫ4 m, this phenomena has only a small influence (⌬␣Ϸ2ϫ10 Ϫ5 ), and so results issued from the electrified case and nonelectrified case can be directly compared.
C. Droplet size measurements
We present in this paragraph the droplet size data with the following considerations: with the PDPA we obtained the different ''local'' histograms at each test point j representing the number of droplets ⌬n i, j corresponding to a size interval ⌬ i ; after that we normalized our data with the time taken by the measurement (t m, j ) and the cross section of the probe volume S p ͑for all tests S p ϭ0.114 mm The radial distribution of ṅ i, j can be modified with an electric field. The electric field promotes the opening of the angle of the spray as we find more droplets at larger radial distances. This can be easily visualized in the experiments by the scattering of the laser beam by the droplets. When the electric field is applied, an increase of the length of the segment where the scattering occurs can be clearly observed, indicating a larger area occupied by the spray ͓see Figs. 2͑a͒-2͑b͔͒.
The integral of the function ṅ i, j , in the region of the horizontal plane S m where we have undertaken the measurements gives the number of droplets of the interval ⌬ i passing through S m ,
These values, when represented as a function of the droplet size interval, enable us to construct the ''global'' histogram of one plane. Obviously these histograms exclude the region quite close to the axis because of the difficulties to make measurements there. Figure 8 shows a typical example of the influence of the electric field on the global histograms. From this figure we can see that, for each size interval, the electric field increases the number of droplets passing through S m in the unit of time. These and similar results, when plotted in a probability-logarithmic scale, show an alignment of the data that indicates that the different distributions can be expressed by a lognormal function. Table I shows, for one injector and different electrode voltages, the geometric mean diameter and geometric deviation, at different jet velocities and horizontal levels; similar results were obtained for the other types of injectors. We observe that slight changes in the mean geometric diameter are detected at the different horizontal planes as a result of the application of an electric field, and, in general, in the lower planes the mean geometric diameter increases. No significant change is observed on the geometric deviation.
Considering the values of ⌬ṅ i, j we can obtain the volume flux density as
, ͑3͒
with i the mean value of the droplet size in the interval ⌬ i . Again, by interpolation in space we may obtain a continuous function v . A typical result of v as a function of the radial distance is shown in Fig. 9 . We can see from this figure that the electric field changes the radial distribution of the volume flow rate: a larger volume of liquid in droplet form passes through regions at a larger distance from the jet axis.
The integral of the function v in Sm gives the total liquid flow rate passing through the measurement zone in the form of droplets, 
The last column of Table I shows the liquid volume flow rate in droplet form at different experimental conditions. We observe that in the experiments at the same jet velocity U 0 and in the same horizontal plane, the electric field increases the liquid volume flow rate V passing through the measurement zone.
D. Velocity ratio measurements
These measurements were done by the PDPA simultaneously with the droplet size measurement. Figures 10͑a͒-10͑b͒ show a typical result of velocity ratio distributions at a given position for the electrified and nonelectrified case. As we can see from these figures, the velocity ratio distributions are in fairly good agreement with a Gaussian distribution ͑a dotted line in the figures͒. So we can summarize our data using the mean value and the standard deviation and easily compare the electrified and nonelectrified cases.
When representing the correlation of the ratio of velocities and droplet diameter of the nonelectrified and of the electrified cases ͑not shown in this paper͒, we observe that in both cases the dispersion from the mean value of the Gaussian distribution is more important for the smaller droplets, while being quite symmetric around the mean value for all droplet sizes.
In both electrified and nonelectrified cases there exists a small number of droplets having a negative velocity ratio. We think that drag forces or droplet breakup after the ejection possibly explain this.
Our experiments indicate that the velocity ratio is not constant with radial distance. Figure 11 shows the radial distribution of the mean value at different electric field intensities. This figure shows that the velocity ratio for the electrified and nonelectrified cases show a similar dependence with radial distance, and that the changes in the velocity ratio are monotonic with the electric field at all distances, even when quite close to the jet axis.
Column 4 of Table II summarizes for different jet velocities and types of injectors the relative variation of the mean value of the velocity ratio for the electrified and nonelectrified cases ͑associated with a subindex 0͒ that we have observed in our experiments ͑subindex exp͒,
The results shown have been obtained at 1.5 mm from the jet axis and at a horizontal plane at 33.5 mm from the jet exit; similar results were obtained at different horizontal levels. From this table we observe that for different velocities and injectors the velocity ratio is increased by the electric field, this effect being more important at larger electric field and, for a given injector, at lower jet velocities.
IV. ANALYSIS OF RESULTS
As a synthesis of our experimental results we can say that the effects of the electric field on the spray are the following: A slight increase of the droplet geometric mean diameter at the lower horizontal planes; an increase of the mean velocity ratio of the droplets at all test points; the re- We will analyze these results by means of a previously reported linear stability analysis, [22] [23] [24] [25] which examined the stability of a liquid jet flowing in a gaseous atmosphere inside a coaxial cylindrical electrode at constant potential. The effects of gravity, magnetic fields, viscosity, and mass transfer at the interface were neglected. The liquid jet and the gaseous atmosphere were considered isothermal and incompressible and their electrical properties were those of an Ohmic conductor with uniform conductivity and a dielectric constant. The electric charge on the jet was at the jet surface and no free charge source in the bulk of the liquid or of the gas phase existed. Accepting these hypotheses, a dispersion equation D(,n,k)ϭ0 was obtained, which establishes the relationship of complex frequencies , wave numbers k and the mode number n. The parameters of the problem that enter in the dispersion equation are the density ratio r d ϭ 2 / 1 , the Euler number E u ϭ␥/ 1 U 0 2 aϭ1/We, and the electrical Euler number E ue ϭ⑀ 0 E n 2 / 1 U 0 2 . Here ␥ is the surface tension, a is the jet radius, 1 and 2 are the jet and gas densities, ⑀ 0 is the vacuum dielectric constant, and E n is the normal electric field in the nonperturbed situation. For our different experimental conditions, these nondimensional numbers are listed in Table III .
As a summary of the results obtained from the dispersion equation when performing a temporal analysis [22] [23] [24] we can say that for high-velocity jets an electric field acting on a jet with its surface at constant electrical potential destabilizes the jet. It increases the growth rate of the perturbation and increases the wave number corresponding to the maximum growth rate of the perturbation.
This analysis corresponds with the so-called theory of aerodynamic interaction 28 supplemented here with the effect of electric forces. In nonelectrified jets flowing in the second wind regime, this theory is accepted as a very good tool to explain the jet breakup phenomena. 28 In the atomization regime, the application of this theory is somewhat controversial, 42 several authors have pointed out that different phenomena were not taken into account ͑like turbulence, 43 cavitation inside the nozzle, 44, 45 velocity profile relaxation on emergence from the nozzle, 46 liquid supply pressure oscillation 47 ͒, and others suggested that a spatial theory was more appropriate to describe the evolution of the perturbation. 48, 49 As we see, the atomization regime may involve very complex phenomena; however, the temporal theory has revealed itself to be a useful tool to obtain a first approach to the breakup process in many cases, 51 so we will use it to analyze the changes that appear when we electrify a high-velocity jet.
Some researchers, 50, 51 considering that the jet is excited with a white noise, have proposed that the droplet mean diameter of the spray is of the order of magnitude of the most unstable wavelength and that can be obtained from
where K mx is the wave number of the more unstable perturbation and A an experimental constant. They also propose that the spray angle or the velocity ratio can be obtained from
where mx is the growth rate corresponding to the more unstable perturbation, U 0 the jet velocity, and B an experimental constant. We will assume that these formulas are still valid for electrified jets and we will also assume A and B independent of the electric field. We then find the following relative variations:
with the subindex 0 indicating the nonelectrified case and subindex th indicating results obtained from the dispersion equation. Table IV shows the experimental results and the theoretical ones ͓obtained with formula ͑8͔͒ for droplet diameter. A disagreement between theory and experiment is evident; we think that a possible explanation of this is that formula ͑8͒ only considers that droplets are generated from instabilities with wavelengths corresponding to the most unstable ones. However, as pointed out by Levich, 50 a spectrum of different instabilities develops in the flow, with some instabilities having an important increase of their amplitude quite close to the nozzle, and others attaining a large amplitude more downstream. As a result of the change of the stability of the jet with the electric field, the growth rate of the different unstable waves is higher and these last instabilities should develop closer to the nozzle exit. So, the theoretical comparison of the electrified and nonelectrified cases cannot be done directly with formula ͑8͒ and requires a more refined model. Columns 4 and 5 of Table II show the experimental and theoretical results ͓obtained with formula ͑9͔͒ concerning the velocity ratio. Again, the experimental results do not agree quantitatively with the theoretical results; however, the trends obtained through the stability analysis seem correct. Consequently, though more experimental efforts should be undertaken at different situations ͑i.e., different chamber pressures͒ this theory enables us to understand in a first approach the changes to the spray angle produced by the electric field application.
An increase in the growth rate of the nonstable perturbations due to the application of an electric field should promote the earlier detachment of droplets of the jet. This seems to agree with the results concerning the increase in the number of droplets and liquid volume flux density in droplet form at a given level caused by the electric field. Though no exact theoretical estimation is proposed here, we may argue that at least qualitatively we can explain these results by using the linear analysis.
As a result of the comparison of the temporal linear stability analysis with the experimental results we can conclude that a rough estimation of the changes expected to appear in the breakup process of a high-velocity jet stressed with an electric field can be obtained; however, a more refined model of the breakup phenomena is needed to obtain a quantitative agreement. Given that in the Rayleigh regimes a better description of the breakup of the jet is obtained when nonlinear phenomena are considered, it appears advisable to include the nonlinear aspects of the phenomena in future work in the analysis of high-velocity jets.
V. CONCLUSIONS
In this work we report the changes produced by an electric field acting on a high velocity jet of water. By means of some spray parameters we try to analyze the effect of the electric field on the phenomena of jet breakup.
The determination of the characteristics of the droplets immediately after ejection is not possible because of measurement system limitations. We have done our experiments in the regions where it was possible to do so, and hence experimental results are affected by evaporation, coalescence, droplet breakup, and forces acting on the trajectories of the droplets. We tried to reduce these effects by taking the measurements within experimental conditions that should diminish their influence.
With these limitations, when the electric field was applied an increase in the spray angle and of droplets and volume flux density was observed in the outer regions. Slight changes in the geometric mean diameter of droplet size distributions have also been measured.
The results were analyzed using a linear stability analysis combined with some simple formulas for the jet breakup. This analysis gives the right trends for the droplet breakup phenomena but fails in the prediction of droplet sizes.
Though more refined models and experimental efforts are needed, this work makes evident that the electric field destabilizes the flow of a high-velocity jet of a conducting liquid, modifies the droplet production phenomena, and could be used as a control parameter in some applications. 
